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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescence(EL) element having high 
luminescence efficiency (light extraction efficiency), and 
low power consumption in high luminosity. 
SOLUTION: The light, which is generated within the 
organic EL element, has two courses of the light (1), 
which directly goes ahead of the element, and the light 
(2), which goes ahead of the element after reflecting 
from a negative electrode 15. Since there is light pass 
difference, these light interfere mutually. The phase 
difference 5 between the light, which comes out from a 
luminescence layer and goes directly ahead of the 
element, and the light, which reflected by the negative 
electrode, is obtained by 8=7t+47rLA concerning to the 

normal direction of a substrate, in which X is wavelength, and L is an optical distance from a 
light emitting position to a reflective face. The optical distance L is given by an optical film 
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thickness nd of an organic n^feial which exists in from the luminesc^^ position to the 
reflecting face (n is a refractive index and d is a film thickness). When the organic material, 
which exists from the luminescence position to the reflecting face, consists of a plurality of the 
layers, the optical distance L is given as the sum of the optical distance (optical film thickness) 
of each the organic layers. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The anode plate which consists of a transparent electrode, and the organic multilayers formed 
on said anode plate by having two-layer [ of an electron hole transportation layer and an electronic 
transportation layer ] at least, It has the cathode produced by the specular reflection film which consists 
of a metal on said organic many membrane layers. The optical thickness nd of the electronic 
transportation layer of said organic multilayers nd=(2N-l) lambda / 4 (for thickness and lambda, the 
main wavelength of luminescence and N are [ n / a refractive index and d ] a positive integer) — the 
organic electroluminescent element characterized by filling relation. 

[Claim 2] The anode plate which consists of a transparent electrode, and the organic multilayers formed 
by carrying out the laminating of two-layer in the order of an electron hole transportation layer and an 
electronic transportability luminous layer on said anode plate, It has the cathode produced by the 
specular reflection film which consists of a metal on said organic many membrane layers. The optical 
thickness nd of the electronic transportability luminous layer of said organic multilayers nd=(2N-l) 
lambda / 4 (for thickness and lambda, the main wavelength of luminescence and N are [ n / a refractive 
index and d ] a positive integer) — the organic electroluminescent element characterized by filling 
relation. 

[Claim 3] The anode plate which consists of a transparent electrode, and the organic multilayers formed 
by carrying out the laminating of the three layers on said anode plate in the order of a hole-injection 
layer, an electron hole transportation layer, and an electronic transportability luminous layer, It has the 
cathode produced by the specular reflection film which consists of a metal on said organic many 
membrane layers. The optical thickness nd of the electronic transportability luminous layer of said 
organic multilayers nd=(2N-l) lambda / 4 (for thickness and lambda, the main wavelength of 
luminescence and N are [ n / a refractive index and d ] a positive integer) — the organic 
electroluminescent element characterized by filling relation. 

[Claim 4] Said electronic transportability luminous layer is an organic electroluminescent element 
according to claim 2 or 3 characterized by doping the fluorescence ingredient of a minute amount near 
an interface with said electron hole transportation layer. 

[Claim 5] The anode plate which consists of a transparent electrode, and the organic multilayers by 
which an electron hole transportation layer and thickness carried out the laminating of the three layers, 
and were formed on said anode plate in the order of a luminous layer 30nm or less and an electronic 
transportation layer, It has the cathode produced by the specular reflection film which consists of a metal 
on said organic many membrane layers. The optical thickness nd of the electronic transportation layer of 
said organic multilayers nd=(2N-l) lambda / 4 (for thickness and lambda, the main wavelength of 
luminescence and N are [ n / a refractive index and d ] a positive integer) - the organic 
electroluminescent element characterized by filling relation. 

[Claim 6] Said luminous layer is an organic electroluminescent element according to claim 5 
characterized by doping the fluorescence ingredient of a minute amount. 

[Claim 7] The anode plate which consists of a transparent electrode, and the organic multilayers formed 
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by carrying out the laminating o^wb-layer in the order of an electron hole transportability luminous 
layer and an electronic transportation layer on said anode plate, It has the cathode produced by the 
specular reflection film which consists of a metal on said organic many membrane layers. The optical 
thickness nd of the electronic transportation layer of said organic multilayers nd=(2N-l) lambda / 4 (for/ 
thickness and lambda, the main wavelength of luminescence and N are [ n / a refractive index and d ] a 
positive integer) — the organic electroluminescent element characterized by filling relation. 
[Claim 8] Said cathode is the organic electroluminescent element of the publication among [ 1 / any ] 
claim 1 characterized by a reflection factor being 50% or more of metal membrane, claim 2, claim 3, 
claim 4, claim 5, claim 6, and claim 7. 

[Claim 9] Said positive integer N is the organic electroluminescent element of the publication among 
[ 1 / any ] claim 1 characterized by being 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and 
claim 8. 

[Claim 10] The optical thickness nd of said electronic transportation layer or said electronic 
transportability luminous layer is the organic electroluminescent element of the publication among [ 1 / 
any ] claim 1 characterized by being among [ error range ] less than ** lambda/8 main wavelength of 
said luminescence; claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, claim 8, and claim 9. 
[Claim 1 1] Having the cathode produced by the anode plate which consists of a transparent electrode, 
the organic multilayers formed on said anode plate by having two-layer [ of an electron hole 
transportation layer and an electronic transportation layer ] at least, and the metal membrane which has 
complex-index-of-refraction n-nr-ikr on said organic many membrane layers, the optical thickness nd 
of the electronic transportation layer of said organic multilayers is nd= (lambda/4) (2 N-delta r/pi). 
deltar=arctan(2nkr/(n2-(nr)2-(Kr)2))+pi (it is n2 <=nr2+Kr2 and, for thickness and lambda, the main 
wavelength of luminescence and N are [ n / a refractive index and d ] a positive integer) « the organic 
electroluminescent element characterized by filling relation. 

[Claim 12] Having the cathode produced by the anode plate which consists of a transparent electrode, 
the organic multilayers formed by carrying out the laminating of two-layer in the order of an electron 
hole transportation layer and an electronic transportability luminous layer on said anode plate, and the 
metal membrane which has complex-index-of-refraction n-nr-ikr on said organic many membrane 
layers, the optical thickness nd of the electronic transportability luminous layer of said organic 
multilayers is nd= (lambda/4) (2 N-delta r/pi). 

deltar=arctan(2nkr/(n2-(nr)2-(Kr)2))+pi (it is n2 <=nr2+Kr2 and, for thickness and lambda, the main 
wavelength of luminescence and N are [ n / a refractive index and d ] a positive integer) — the organic 
electroluminescent element characterized by filling relation. 

[Claim 13] Having the cathode produced by the anode plate which consists of a transparent electrode, 
the organic multilayers formed by carrying out the laminating of the three layers on said anode plate in 
the order of a hole-injection layer, an electron hole transportation layer, and an electronic 
transportability luminous layer, and the metal membrane which has complex-index-of-refraction n-nr- 
ikr on said organic many membrane layers, the optical thickness nd of the electronic transportability 
luminous layer of said organic multilayers is nd= (lambda/4) (2 N-delta r/pi). 

deltar=arctan(2nkr/(n2-(nr)2-(Kr)2))+pi (it is n2 <=nr2+Kr2 and, for thickness and lambda, the main 
wavelength of luminescence and N are [ n / a refractive index and d ] a positive integer) - the organic 
electroluminescent element characterized by filling relation. 

[Claim 14] Said electronic transportability luminous layer is an organic electroluminescent element 
according to claim 12 or 13 characterized by doping the fluorescence ingredient of a minute amount near 
an interface with said electron hole transportation layer. 

[Claim 15] Having the cathode produced by the anode plate which consists of a transparent electrode, 
the organic multilayers by which an electron hole transportation layer and thickness carried out the 
laminating of the three layers, and were formed on said anode plate in the order of a luminous layer 
30nm or less and an electronic transportation layer, and the metal membrane which has complex-index- 
of-refraction n-nr-ikr on said organic many membrane layers, the optical thickness nd of the electronic 
transportation layer of said organic multilayers is nd= (lambda/4) (2 N-delta r/pi). 
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deltar=arctan(2nkr/(n2-(nr)2-(^jfc+p^ (it is n2 <=nr2+Kr2 and, for thicknesflfe lambda, the main 
wavelength of luminescence and N are [ n / a refractive index and d ] a positive integer) — the organic 
electroluminescent element characterized by filling relation. 

[Claim 16] Said luminous layer is an organic electroluminescent element according to claim 15 
characterized by doping the fluorescence ingredient of a minute amount. 

[Claim 17] Having the cathode produced by the anode plate which consists of a transparent electrode, 
the organic multilayers formed by carrying out the laminating of two-layer in the order of an electron 
hole transportability luminous layer and an electronic transportation layer on said anode plate, and the 
metal membrane which has complex-index-of-refraction n-nr-ikr on said organic many membrane 
layers, the optical thickness nd of the electronic transportation layer of said organic multilayers is nd= 
(lambda/4) (2 N-delta r/pi). 

deltar=arctan(2nkr/(n2-(nr)2-(Kr)2))+pi (it is n2 <=nr2+Kr2 and, for thickness and lambda, the main 
wavelength of luminescence and N are [ n / a refractive index and d ] a positive integer) — the organic 
electroluminescent element characterized by filling relation. 

[Claim 18] Said cathode is the organic electroluminescent element of the publication among [ 1 / any ] 
claim 1 1 characterized by a reflection factor being 50% or more of metal membrane, claim 12, claim 13, 
claim 14, claim 15, claim 16, and claim 17. 

[Claim 19] Said positive integer N is the organic electroluminescent element of the publication among 
[ 1 / any ] claim 1 1 characterized by being 1, claim 12, claim 13, claim 14, claim 15, claim 16, claim 17, 
and claim 18. 

[Claim 20] The optical thickness nd of said electronic transportation layer or said electronic 
transportability luminous layer is the organic electroluminescent element of the publication among [ 1 / 
any ] claim 1 1 characterized by being among [ error range ] less than ** lambda/8 main wavelength of 
said luminescence, claim 12, claim 13, claim 14, claim 15, claim 16, claim 17, claim 18, and claim 19. 



[Translation done.] 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to an organic electroluminescent element (it considers as 
an organic EL device hereafter) with the high luminous efficiency which is the display of the flat-surface 
mold in which a multicolor display is possible, and a solid-state light emitting device available also as 
the light source. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] invention according to claim 1 — the optical thickness nd of the electronic 
transportation layer of organic multilayers - nd=(2N-l) lambda / 4 (for thickness and lambda, the main 
wavelength of luminescence and N are [ n / a refractive index and d ] a positive integer) ~ since relation 
is filled, external ejection effectiveness of light can be made high and reduction of power consumption 
can be aimed at effectively, invention according to claim 2 - the optical thickness nd of the electronic 
transportability luminous layer of organic multilayers — nd=(2N-l) lambda / 4 (for thickness and 
lambda, the main wavelength of luminescence and N are [ n / a refractive index and d ] a positive 
integer) — since relation is filled, external ejection effectiveness of light can be made high and reduction 
of power consumption can be realized easily, invention according to claim 3 — the optical thickness nd 
of the electronic transportability luminous layer of organic multilayers — nd=(2N-l) lambda / 4 (for 
thickness and lambda, the main wavelength of luminescence and N are [ n / a refractive index and d ] a 
positive integer) — since relation is filled, external ejection effectiveness of light can be made high and 
reduction of power consumption can be realized easily. In invention according to claim 4, since the 
fluorescence ingredient of a minute amount is doped near the interface with an electron hole 
transportation layer, an electronic transportability luminous layer can make luminous efficiency high, 
can control by doping, the recombination field, i.e., the luminescence location, of a carrier, and can 
heighten further the cross protection by the optical thickness of an electronic transportation layer. 
[0049], invention according to claim 5 — the optical thickness nd of the electronic transportation layer of 
organic multilayers — nd=(2N-l) lambda / 4 (for thickness and lambda, the main wavelength of 
luminescence and N are [ n / a refractive index and d ] a positive integer) — since relation is filled, 
external ejection effectiveness of light can be made high and reduction of power consumption can be 
realized easily. In invention according to claim 6, since the fluorescence ingredient of a minute amount 
is doped, a luminous layer can make luminous efficiency high, can control by doping, the recombination 
field, i.e., the luminescence location, of a carrier, and can heighten further the cross protection by the 
optical thickness of an electronic transportation layer, invention according to claim 7 — the optical 
thickness nd of the electronic transportation layer of organic multilayers — nd=(2N-l) lambda / 4 (for 
thickness and lambda, the main wavelength of luminescence and N are [ n / a refractive index and d ] a 
positive integer) — since relation is filled, external ejection effectiveness of light can be made high and 
reduction of power consumption can be realized easily. 

[0050] In invention according to claim 8, since a reflection factor is 50% or more of metal membrane, 
cathode can take out cross protection effectively. Since positive integer N is 1 , it will use the primary 
interference, and can make thickness of the organic film thin, and effectiveness is in a low-battery drive, 
and the thickness of the electronic transportation layer at this time can control it by invention according 
to claim 9 easily with the usual vacuum deposition as thinly as it has the influence of quenching by 
migration to the cathode of an exciton. In invention according to claim 1 0, since the optical thickness nd 
of an electronic transportation layer or an electronic transportability luminous layer is among [ error 
range ] less than ** lambda/8 main wavelength of luminescence, the enhancing effect of the 
luminescence reinforcement by cross protection is secured, bigger reinforcement than a convergence 
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value on the strength is obtained^ind it can make easy quality control of a production process and a 
product by showing the tolerance of substantial thickness. 

[0051] In invention according to claim 1 1, the optical thickness nd of the electronic transportation layer 
of organic multilayers nd= (lambda/4) (2 N-delta r/pi) 5 deltar=arctan(2nkr/(n2-(nr)2-(Kr)2)) +pi, (It is n2 
<=nr2+ Kr2 and, for thickness and lambda, the main wavelength of luminescence and N are [ n / a 
refractive index and d ] a positive integer) Since relation is filled, external ejection effectiveness of light 
can be made high and reduction of power consumption can be aimed at effectively. In invention 
according to claim 12, the optical thickness nd of the electronic transportability luminous layer of 
organic multilayers nd= (lambda/4) (2 N-delta r/pi) 3 deltar=arctan(2nkr/(n2-(nr)2-(Kr)2)) +pi, (It is n2 
<=nr2+Kr2 and, for thickness and lambda, the main wavelength of luminescence and N are [ n / a 
refractive index and d ] a positive integer) Since relation is filled, external ejection effectiveness of light 
can be made high and reduction of power consumption can be realized easily. In invention according to 
claim 13, the optical thickness nd of the electronic transportability luminous layer of organic multilayers 
nd= (lambda/4) (2 N-delta r/pi), deltar=arctan(2nkr/(n2-(nr)2-(Kr)2)) +pi, (It is n2 <=nr2+ Kr2 and, for 
thickness and lambda, the main wavelength of luminescence and N are [ n / a refractive index and d ] a 
positive integer) Since relation is filled, external ejection effectiveness of light can be made high and 
reduction of power consumption can be realized easily. In invention according to claim 14, since the 
fluorescence ingredient of a minute amount is doped near the interface with an electron hole 
transportation layer, an electronic transportability luminous layer can make luminous efficiency high, 
can control by doping, the recombination field, i.e., the luminescence location, of a carrier, and can 
heighten further the cross protection by the optical thickness of an electronic transportation layer. 
[0052] In invention according to claim 15, the optical thickness nd of the electronic transportation layer 
of organic multilayers nd= (lambda/4) (2 N-delta r/pi), deltar=arctan(2nkr/(n2-(nr)2-(Kr)2)) +pi, (It is n2 
<=nr2+Kr2 and, for thickness and lambda, the main wavelength of luminescence and N are [ n / a 
refractive index and d ] a positive integer) Since relation is filled, external ejection effectiveness of light 
can be made high and reduction of power consumption can be realized easily. In invention according to 
claim 16, since the fluorescence ingredient of a minute amount is doped, a luminous layer can make 
luminous efficiency high, can control by doping, the recombination field, i.e., the luminescence location, 
of a carrier, and can heighten further the cross protection by the optical thickness of an electronic 
transportation layer. In invention according to claim 17, the optical thickness nd of the electronic 
transportation layer of organic multilayers nd= (lambda/4) (2 N-delta r/pi), deltar=arctan(2nkr/(n2-(nr)2- 
(Kr)2)) +pi, (It is n2 <=nr2+Kr2 and, for thickness and lambda, the main wavelength of luminescence 
and N are [ n / a refractive index and d ] a positive integer) Since relation is filled, external ejection 
effectiveness of light can be made high and reduction of power consumption can be realized easily. 
[0053] In invention according to claim 18, since a reflection factor is 50% or more of metal membrane, 
cathode can take out cross protection effectively. Since positive integer N is 1 , by using the primary 
interference, it can make thickness of the organic film thin, and effectiveness is in a low-battery drive, 
and the thickness of the electronic transportation layer at this time can control it by invention according 
to claim 19 easily with the usual vacuum deposition as thinly as it has the influence of quenching by 
migration to the cathode of an exciton. In invention according to claim 20, since the optical thickness nd 
of an electronic transportation layer or an electronic transportability luminous layer is among [ error 
range ] less than ** lambda/8 main wavelength of luminescence, the enhancing effect of the 
luminescence reinforcement by cross protection is secured, bigger reinforcement than a convergence 
value on the strength is obtained, and it can make easy quality control of the production process by the 
tolerance of substantial thickness being shown, and a product. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] As a display device of a self-luminescence mold, the plasma 
display device and the organic EL device are known as mentioned above, for example. However, 
although a plasma display device uses plasma luminescence in low voltage gas and it is suitable for the 
large-sized display, it is unsuitable for thin-shape-izing and a miniaturization, and the technical problem 
in respect of cost remains. Moreover, for plasma luminescence, the high- voltage alternating current 
drive of several 100 V is needed, and it is not suitable for low-power-ization. Moreover, it originates in 
having not taken out effectively the light emitted from a luminous layer outside, even if it uses 
luminescent material with high internal quantum efficiency for an improvement of the luminous 
efficiency of an organic EL device, i.e., the ejection effectiveness of light being low, and there is a 
problem that luminous efficiency cannot be made high. Since total reflection of this will be carried out if 
the incident angle to the substrate side by the side of optical ejection mainly exceeds a critical angle, it 
originates in the ability of light not to be taken out from a substrate outside. For example, with the usual 
glass substrate, it is thought that it becomes about 25% of ejection effectiveness. Therefore, for the 
improvement in luminous efficiency of an organic EL device, to make light from a luminous layer the 
component configuration which can be effectively taken out to the component exterior is desired. 
[0010] As one of the approaches of raising luminous efficiency (ejection effectiveness of luminescence) 
from the former, it is possible to use the reflected light from cathode effectively. That is, although it 
reflects ahead [ component ] (anode plate side) and the light emitted from the luminous layer can be 
effectively taken out if the metallic material which has a high reflection factor in a light field is used as a 
cathode material, it is possible that it interferes in the light which comes out of a luminous layer and 
goes directly ahead of a component, and the light reflected in cathode mutually, and it suits, and the 
present condition is that the exact and detailed examination about this cross protection is not made. 
Moreover, although it is shown in above-mentioned JP,4-137485,A that it is an important factor for the 
distance of a luminous layer and cathode to raise luminescence reinforcement, at this time, it is supposed 
that it is not fully solved about the reason for which luminescence reinforcement depends on the 
thickness of an electronic transportation layer. Moreover, the description about the relation between 
luminescence wavelength and thickness is not seen, and the examination about the cross protection of 
light is not made. 

[001 1] moreover, with the conventional technique of patent No. 3065704 and patent No. 3065705 
Although it is said that it is set as the thickness within the limits which produce the brightness in which 
it has the thickness which contains the secondary maximal value of brightness high to the 2nd of a 
thickness brightness decay curve property for the thickness of EL layer or an electronic transportation 
layer, and the amplitude exceeds the convergence brightness value to converge The "formula 3" 
showing the luminous intensity as cross protection of the light indicated by patent No. 3065704 will be 
drawn without taking into consideration the phase change of pi radian of light reflected in cathode, and it 
will infringe Fresnel's law of reflection. That is, according to Fresnel's law of reflection, when light 
carries out incidence to the dense matter (matter with a big refractive index) from the **** matter 
(matter with a small refractive index) optically, it is known that, as for the phase of the reflected light, 
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only pi radian will change (for exShple, refer to the description about Lloyd's mirror of "interference 
and coherence" (Yoshiro Iinuma work, KYORITSU SHUPPAN), and coherence). Generally, the surface 
of metal where a reflection factor is high is the so-called mirror plane, and the phase of the reflected 
light carries out pi radian change mostly in a reflector. Thus, if die phase change of pi radian of the 
reflected light in cathode is disregarded, the thickness of EL layer which gives the maximal value of 
luminescence reinforcement may be set as that it cannot ask correctly and the thickness which serves as 
the minimal value of luminescence reinforcement conversely. 

[0012] Although the surface of metal where a reflection factor is high is the so-called mirror plane and it 
is common to think that the phase of the reflected light carries out pi radian change mostly in a reflector, 
since, as for an actual metal, it has complex index of refraction, the substantial phase change of the 
reflected light in a reflector will shift from pi radian. Moreover, in the diffusion shell formed with the 
metal thin film, or a dielectric film with absorption, the substantial phase change of the reflected light in 
a reflector has shifted from pi radian similarly. Therefore, in choosing a busy cathode material, the 
substantial phase change of the reflected light in a reflector needed to be taken into consideration, but 
the present condition is that such [ until now ] examination is not made. Moreover, since high 
permeability is required of an anode plate in a light field since it is taken out from the field by the side of 
an anode plate by the component exterior, and the anode material of a big reflection factor cannot 
constitute EL luminescence from the patent No. 2846571 official report like cathode, strong cross 
protection is not expectable. Therefore, although it is effective in order for the configuration shown with 
this conventional technique to raise color purity, an extensive improvement of big luminous efficiency 
(ejection effectiveness of light) is not expectable. Similarly patent No. 2797883 does not specify the 
optical distance from the location of a luminous layer to cathode. Furthermore, the detailed explanation 
about the cross protection of light is not made, either. 

[0013] Then, the purpose of this invention has high luminous efficiency (ejection effectiveness of light), 
and is offering the organic EL device of a low power by high brightness. 

[Translation done.] 
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MEANS 



[Means for Solving the Problem] The organic multilayers formed in invention according to claim 1 on 
the anode plate which consists of a transparent electrode, and said anode plate by having two-layer [ of 
an electron hole transportation layer and an electronic transportation layer ] at least, It has the cathode 
produced by the specular reflection film which consists of a metal on said organic many membrane 
layers. The optical thickness nd of the electronic transportation layer of said organic multilayers nd= 
(2N-1) lambda / 4 (for thickness and lambda, the main wavelength of luminescence and N are [ n / a 
refractive index and d ] a positive integer) — said purpose is attained by filling relation. The organic 
multilayers formed by carrying out the laminating of two-layer in the order of an electron hole 
transportation layer and an electronic transportability luminous layer in invention according to claim 2 
on the anode plate which consists of a transparent electrode, and said anode plate, It has the cathode 
produced by the specular reflection film which consists of a metal on said organic many membrane 
layers. The optical thickness nd of the electronic transportability luminous layer of said organic 
multilayers nd=(2N-l) lambda / 4 (for thickness and lambda, the main wavelength of luminescence and 
N are [ n / a refractive index and d ] a positive integer) ~ said purpose is attained by filling relation. The 
organic multilayers formed by carrying out the laminating of the three layers in invention according to 
claim 3 on the anode plate which consists of a transparent electrode, and said anode plate in the order of 
a hole-injection layer, an electron hole transportation layer, and an electronic transportability luminous 
layer, It has the cathode produced by the specular reflection film which consists of a metal on said 
organic many membrane layers. The optical thickness nd of the electronic transportability luminous 
layer of said organic multilayers nd=(2N-l) lambda / 4 (for thickness and lambda, the main wavelength 
of luminescence and N are [ n / a refractive index and d ] a positive integer) ~ said purpose is attained 
by filling relation. In invention according to claim 4, said electronic transportability luminous layer 
attains said purpose in invention according to claim 2 or 3 by doping the fluorescence ingredient of a 
minute amount near the interface with said electron hole transportation layer. 

[0015] The organic multilayers by which an electron hole transportation layer and thickness carried out 
the laminating of the three layers, and were formed in invention according to claim 5 on the anode plate 
which consists of a transparent electrode, and said anode plate in the order of a luminous layer 30nm or 
less and an electronic transportation layer, It has the cathode produced by the specular reflection film 
which consists of a metal on said organic many membrane layers. The optical thickness nd of the 
electronic transportation layer of said organic multilayers nd=(2N-l) lambda / 4 (for thickness and 
lambda, the main wavelength of luminescence and N are [ n / a refractive index and d ] a positive 
integer) — said purpose is attained by filling relation. In invention according to claim 6, said luminous 
layer attains said purpose by doping the fluorescence ingredient of a minute amount in invention 
according to claim 5. 

[0016] The organic multilayers formed by carrying out the laminating of two-layer in the order of an 
electron hole transportability luminous layer and an electronic transportation layer in invention 
according to claim 7 on the anode plate which consists of a transparent electrode, and said anode plate, It 
has the cathode produced by the specular reflection film which consists of a metal on said organic many 
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membrane layers. The optical thlcKness nd of the electronic transportation layer of said organic 
multilayers nd=(2N-l) lambda / 4 (for thickness and lambda, the main wavelength of luminescence and 
N are [ n / a refractive index and d ] a positive integer) — said purpose is attained by filling relation. In 
invention according to claim 8, in invention of the publication among [ 1 / any ] claim 1, claim 2, claim 
3, claim 4, claim 5, claim 6, and claim 7, said cathode attains said purpose, when a reflection factor is 
50% or more of metal membrane. In invention according to claim 9, said positive integer N attains said 
purpose by being 1 in invention of the publication among [ 1 / any ] claim 1, claim 2, claim 3, claim 4, 
claim 5, claim 6, claim 7, and claim 8. In invention according to claim 10, the optical thickness nd of 
said electronic transportation layer or said electronic transportability luminous layer attains said purpose 
in invention of the publication among [ 1 / any ] claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, 
claim 7, claim 8, and claim 9 by being among [ error range ] less than ** lambda/8 main wavelength of 
said luminescence. 

[0017] The organic multilayers formed in invention according to claim 11 on the anode plate which 
consists of a transparent electrode, and said anode plate by having two-layer [ of an electron hole 
transportation layer and an electronic transportation layer ] at least, It has the cathode produced by the 
metal membrane which has complex-index-of-refraction n-nr-ikr on said organic many membrane 
layers. The optical thickness nd of the electronic transportation layer of said organic multilayers nd= 
(lambda/4) (2N-delta r/pi) and deltar=arctan(2nkr/(n2-(nr)2-(Kr)2))+pi (it is n2 <=nr2+Kr2 and, for 
thickness and lambda, the main wavelength of luminescence and N are [ n / a refractive index and d ] a 
positive integer) — said purpose is attained by filling relation. The organic multilayers formed by 
carrying out the laminating of two-layer in the order of an electron hole transportation layer and an 
electronic transportability luminous layer in invention according to claim 12 on the anode plate which 
consists of a transparent electrode, and said anode plate, It has the cathode produced by the metal 
membrane which has complex-index-of-refraction n-nr-ikr on said organic many membrane layers. The 
optical thickness nd of the electronic transportability luminous layer of said organic multilayers nd= 
(lambda/4) (2N-delta r/pi) and deltar=arctan(2nkr/(n2-(nr)2-(Kr)2))+pi (it is n2 <=nr2+Kr2 and, for 
thickness and lambda, the main wavelength of luminescence and N are [ n / a refractive index and d ] a 
positive integer) ~ said purpose is attained by filling relation. The organic multilayers formed by 
carrying out the laminating of the three layers in invention according to claim 13 on the anode plate 
which consists of a transparent electrode, and said anode plate in the order of a hole-injection layer, an 
electron hole transportation layer, and an electronic transportability luminous layer, It has the cathode 
produced by the metal membrane which has complex-index-of-refraction n-nr-ikr on said organic many 
membrane layers. The optical thickness nd of the electronic transportability luminous layer of said 
organic multilayers nd= (lambda/4) (2N-delta r/pi) and deltar=arctan(2nkr/(n2-(nr)2-(Kr)2))+pi (it is n2 
<=nr2+Kr2 and, for thickness and lambda, the main wavelength of luminescence and N are [ n / a 
refractive index and d ] a positive integer) — said purpose is attained by filling relation. In invention 
according to claim 14, said electronic transportability luminous layer attains said purpose in invention 
according to claim 12 or 13 by doping the fluorescence ingredient of a minute amount near the interface 
with said electron hole transportation layer. 

[0018] The organic multilayers by which an electron hole transportation layer and thickness carried out 
the laminating of the three layers, and were formed in invention according to claim 1 5 on the anode 
plate which consists of a transparent electrode, and said anode plate in the order of a luminous layer 
30nm or less and an electronic transportation layer, It has the cathode produced by the metal membrane 
which has complex-index-of-refraction n-nr-ikr on said organic many membrane layers. The optical 
thickness nd of the electronic transportation layer of said organic multilayers nd= (lambda/4) (2N-delta 
r/pi) and deltar=arctan(2nkr/(n2-(nr)2-(Kr)2))+pi (it is n2 <=nr2+Kr2 and, for thickness and lambda, the 
main wavelength of luminescence and N are [ n / a refractive index and d ] a positive integer) — said 
purpose is attained by filling relation. In invention according to claim 16, said luminous layer attains 
said purpose by doping the fluorescence ingredient of a minute amount in invention according to claim 



[0019] The organic multilayers formed by carrying out the laminating of two-layer in the order of an 
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electron hole transportability Iwmnbus layer and an electronic transportation layer in invention 
according to claim 17 on the anode plate which consists of a transparent electrode, and said anode plate, 
It has the cathode produced by the metal membrane which has complex-index-of-refraction n -nr-ikr on 
said organic many membrane layers. The optical thickness nd of the electronic transportation layer of 
said organic multilayers nd= (lambda/4) (2N-delta r/pi) and deltar=arctan(2nkr/(n2-(nr)2-(Kr)2))+pi (it 
is n2 <=nr2+Kr2 and, for thickness and lambda, the main wavelength of luminescence and N are [ n / a 
refractive index and d ] a positive integer) - said purpose is attained by filling relation. In invention 
according to claim 18, in invention of the publication among [ 1 / any ] claim 11, claim 12, claim 13, 
claim 14, claim 15, claim 16, and claim 17, said cathode attains said purpose, when a reflection factor is 
50% or more of metal membrane. In invention according to claim 19, said positive integer N attains said 
purpose by being 1 in invention of the publication among [ 1 / any ] claim 11, claim 12, claim 13, claim 

14, claim 15, claim 16, claim 17, and claim 18. In invention according to claim 20, the optical thickness 
nd of said electronic transportation layer or said electronic transportability luminous layer attains said 
purpose in invention of the publication among [ 1 / any ] claim 11, claim 12, claim 13, claim 14, claim 

15, claim 16, claim 17, claim 18, and claim 19 by being among [ error range ] less than ** lambda/8 
main wavelength of said luminescence. 

[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained 
to a detail with reference to drawing 1 thru/or drawing 12 . First, the organic EL device of the 1st 
operation gestalt is explained. The organic EL device of the gestalt of this operation is specular 
reflection film with which cathode consists of a metal, and is having the optical distance from a 
luminescence location to cathode set up so that the light which comes out of a luminous layer and goes 
directly ahead of a component, and the light reflected in cathode may suit in slight strength according to 
cross protection. Here, although the phase of the reflected light does not mean that only pi radian 
changes substantially that cathode is the specular reflection film to incident light by the interface with an 
organic layer and is not necessarily restricted to a metallic material, a reflection factor is high and the 
metallic material with high electron injection effectiveness is most suitable. Moreover, as it becomes the 
optimal component configuration to the main wavelength of an emission spectrum peculiar to 
luminescent material, the strongest light is effectively taken out to the component exterior. 
[0021] Drawing 1 is drawing having shown interference of the light in an organic EL device. The light 
which emitted light within the organic EL device has two paths of optical ** which goes ahead of a 
component, after reflecting in optical ** and cathode 15 which go directly ahead of a component. Since 
such light has the optical path difference, it interferes in them mutually. The phase contrast delta of the 
light which comes out of a luminous layer and goes directly ahead of a component, and the light 
reflected in cathode is searched for by the following formulas (1) about the direction of a substrate 
normal. 

Delta=pi +4pi L/lambda (1) 

[0022] Here, lambda is wavelength and L is the optical distance from a luminescence location to a 
reflector. Optical distance L is given by the optical thickness nd of the organic material (for example, 
setting for the component of a two-layer mold electronic transportation layer) which exists even in a 
reflector from a luminescence location (n is a refractive index and d is thickness). When the organic 
material which exists even in a reflector from a luminescence location consists of two or more layers, 
optical distance L serves as the sum of the optical distance (optical thickness) of each organic layer. A 
luminescence location can be represented with the interface of electron hole transportation layer 
13 a/electronic transportability luminous layer 14b which shows the maximum luminescence 
reinforcement, or the interface location of a luminous layer (electron hole transportability) / electronic 
transportation layer. If it is extent which cannot disregard the luminescence intensity distribution in a 
luminous layer, it is also possible to correspond by adjusting thickness of an electronic transportation 
layer a little (more thickly [ luminescence intensity distribution / one half extent ]). 
[0023] pi of the first term of the right-hand side of a formula (1) means the phase change of the reflected 
light in a reflector. The luminous intensity which comes out to the component exterior as cross 
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protection of direct light and th^^ected light is proportional to D (lambda) by the following 
formulas (2). - ^ 

D(lambda) =l+cosdelta (2) 

When the emission spectrum of the luminescent material itself is set to P (lambda), emission spectrum I 
(lambda) observed in the component exterior is expressed with a formula (3) 
I(lambda) =P(lambda) D (lambda) (3) 

Therefore, the luminous intensity as effectiveness of interference is max at the time of delta- 2Npi, and 
serves as min at the time of delta=(2N+ 1 ) pi (both N is positive integers). When this condition is 
rewritten using a formula (1), it is as follows. 

Condition:L=(2N-l) lambda/4 from which reinforcement becomes max (4) 
Condition :L=Nlambda/2 from which reinforcement becomes min (5) 

[0024] The organic EL device of the gestalt of this operation is constituted so that the conditions of a 
formula (4) may be fulfilled. Moreover, if the amount of gaps from the optical distance L from which 
the maximum reinforcement given by the formula (4) is obtained is within the limits of ** lambda/8, 
bigger reinforcement at least than a convergence value (luminous-intensity value in case cross protection 
does not arise like [ when thickness is thicker than coherence length ]) on the strength will be obtained. 
Namely, what is necessary is just to fill the formula (4) within the limits of** lambda/8 mostly at least 
in the gestalt of this operation, although a component is constituted so that a formula (4) may be 
satisfied completely. Moreover, since the optical distance from which luminescence reinforcement 
becomes max, and its range which can be set up change with wavelength, it is set up according to the 
emission spectrum of various luminescent material. 

[0025] Moreover, the configuration of the organic EL device of the gestalt of this operation is applicable 
in all in case the interface location which shows the component of the two-layer mold currently 
indicated with the conventional technique as shown by drawing 13 or drawing 14 , or a three-layer mold, 
and the maximum luminescence reinforcement of a luminous layer is known. Moreover, based on the 
doped location, when doping a fluorescence ingredient to a luminous layer, the optical distance L to 
cathode is set up so that a formula (4) may be filled. If the case where positive integer N showing order 
of interference is 1 is adopted, since thickness of the organic film (electronic transportation layer) can be 
made thin, it is effective in a low-battery drive. The refractive index n of the organic material used for an 
organic EL device is 1.6 to about 1.8. For example, if it is the refractive index n= 1.7 of an organic 
material in the component of a two-layer mold, the thickness with the optimal electronic transportation 
layer will be set to 75nm to the main wavelength of lambda= 5 1 Onm of luminescence of Almq3 which is 
the luminescent material known well. With vacuum deposition, this thickness is fully stabilized, and can 
be produced, and the effect of quenching by migration to the cathode of an exciton is not produced. The 
photoluminescence spectrum P of Almq3 which used and measured the spectrophotofluorometer to 
drawing 2 as an example of an emission spectrum peculiar to luminescent material (lambda) is shown. 
[0026] The emission spectrum which the distance (thickness of an electronic transportation layer) from a 
luminescence location to cathode calculated [ film / of a refractive index n= 1 .7 / organic ] about the 
case of **38nm, **75nm, **1 12nm, and **150nm is shown in drawing 3 using the photoluminescence 
spectrum P (lambda) shown in drawing 2 , a formula (1), a formula (2), and a formula (3). As for 
luminescence reinforcement, it turns out that thickness is max and the value of almost the middle in min, 
38nm, and 1 12nm 150nm in 75nm. Moreover, the brightness value which calculated the CIE color 
system as although it was made JIS-Z 8701-1982, and was calculated is shown in drawing 4 based on 
the spectrum which calculated it by having changed thickness little by little. It turns out that the max and 
min of brightness are clearly reversed by thickness in 400nm or less. 

[0027] Next, although the production approach of the organic EL device concerning the gestalt of this 
operation is explained, a well-known approach can be used fundamentally. First, transparent electrodes, 
such as ITO, are formed by about 10-300nm thickness by vacuum deposition or sputtering on a glass 
substrate, and let this be an anode plate. What is marketed as a glass substrate with ITO is easily 
available. On ITO, sequential formation of the organic materials, such as an electron hole transportation 
layer, a luminous layer, and an electronic transportation layer, is carried out so that it may become 
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predetermined thickness with v^^Li evaporation technique, a spin coating n^^)d, etc. In the 
component of a two-layer mold, an electron hole transportation layer or an electronic transportation 
layer will serve as a luminous layer. 

[0028] As the ingredient which forms the luminous layer and electron hole transportation layer which 
are used in the organic EL device of the gestalt of this operation, and an electronic transportation layer 
was shown in drawin g 5 , as an ingredient of electron hole transportability, a triphenyl diamine 
derivative (TPD), a triphenylamine derivative (NSD), alpha-naphthyl FENIJIRU amine (alpha-NPD), 
phthalocyanines (CuPc, H2Pc), and starburst polyamine (m-MTDATA) are used. As an electronic 
transportation ingredient, an aluminum quinolinol complex (Alq3), a methyl aluminum quinolinol 
complex (4-Methyl-8-hydroxyquinoline:Almq3), a beryllium quinoline complex (Beq2), etc. can be 
used, and these ingredients are used for coincidence also as a luminescent ingredient. The OKISA 
diazole derivative (PBD) is well known as an outstanding electronic transportation ingredient. If the 
good ingredient of electronic transportability like PBD is used as an electronic transportation layer, the 
component of the three-tiered structure which separated the luminous layer and the carrier transportation 
layer, or the two-layer structure of having an electron hole transportability luminous layer is realizable. 
[0029] Furthermore, a coumarin derivative, Quinacridone, rubrene, etc. can be used as a doping 
ingredient, the vapor codeposition using two heating boats for example as the approach of doping - 
luminescent material, such as Alq3, » a host ingredient - carrying out — an interface (less than about 
30nm) near [ with an electron hole transportation layer ] — a fluorescence ingredient - % - the number 
of several mols — about 10mol% ~ it can dope, next, the vacuum deposition according [ cathode ] a 
metallic material to resistance heating, an electron beam, etc. - or it is formed by about 10-300nm 
thickness using the sputtering method using an alloy target etc. In order to obtain sufficient reflection 
factor and the film of low resistance, it is desirable to make it preferably thickness lOOnm or more. As a 
metallic material used for cathode, metallic element simple substances or these alloys, such as a metal 
with a small work function, for example, Li (lithium), Na (sodium), Mg (magnesium), calcium 
(calcium), Sr (strontium), aluminum (aluminum), Ag (silver), In (indium), Sn (tin), Zn (zinc), Zr 
(zirconium), etc., are used. Furthermore, LiF etc. may be formed by the same approach as the case of 
cathode as an electrode protective coat on cathode. In addition, with the gestalt of this operation, as long 
as the cathode which consists of a metal membrane which has the specular reflection interface which 
carries out the phase change only of pi substantially is used, luminous efficiency is improvable by not 
being based on the difference in the laminating configuration of a component, but setting up the optical 
distance from the location of a luminous layer to cathode based on this invention. Furthermore, it is 
possible not only an organic EL device but to apply the fundamental view of the gestalt of this operation 
in the similar field light emitting device using specular reflection. 

[0030] Hereafter, although the 1st modification 1 and modification 2 of an operation gestalt are 
explained, the organic EL device concerning the gestalt of this operation is not limited only to the 
ingredient in these operation gestalten, and a component configuration. 

(1) Modification 1 board thickness prepares the glass substrate with ITO which is 1.1mm, and forms the 
electrode pattern of 2mm width of face by the photolithography method using a general resist. Next, 
wash this substrate using a surfactant, after fully flushing a detergent with pure water, it is made to dry 
in the steam of isopropyl alcohol, and the dirt of surface washing is fully further removed by oxygen 
plasma treatment. Thus, the prepared substrate is set in a vacuum evaporation system, vacuum 
deposition of alpha-NPD is carried out by resistance heating as an electron hole transportation 
ingredient, and the electron hole transportation layer whose thickness is 70nm is formed. 2.7x10 to 4 Pa 
and a vacuum evaporationo rate carry out vacuum evaporationo conditions in lnm/second, and further, 
continuously, a degree of vacuum vapor-deposits Almq3 similarly, and makes them a 75nm electronic 
transportability luminous layer. 

[0031] Next, in the condition of having stuck to the substrate the metal mask with which a hole which 
intersects perpendicularly by the ITO electrode pattern and 2mm width of face was made, and having set 
in the vacuum evaporation system, vacuum deposition of the aluminum (aluminum) is carried out, and 
the metal membrane of 160nm of thickness is formed, it considers as cathode, and the lighting field of 
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2mm angle is obtained. On aluminum electrode, LiF whose thickness is 300nm is vapor-deposited, a 
protective coat is formed, in an inert gas (Ar) ambient atmosphere, the Pyrex (trademark) glass of 1mm 
thickness is piled up on this component, the glass circumference is closed using the adhesives of an 
ultraviolet curing mold, and an organic EL device is obtained. The location which shows the maximum 
luminescence reinforcement is alpha-NPD and near the interface of Almq3, and the optical distance to 
cathode satisfies the relational expression given by nd=(2N-l) lambda/4. In addition, for n, a refractive 
index and d are [ the main wavelength of luminescence and N of thickness and lambda ] positive 
integers. 

[0032] (2) As a modification 2 hole-injection layer, form m-MTDATA by 30nm thickness on an ITO 
electrode, continuously, as an electron hole transportation layer, form alpha-NPD by 50nm thickness, 
and form the electronic transportability luminous layer which consists of Almq3 further by 75nm 
thickness. Other configurations produce an organic EL device like a modification 1. 
[0033] Next, the organic EL device of the 2nd operation gestalt is explained. In the organic EL device of 
this operation gestalt, cathode is the metallic reflection film like the 1st operation gestalt, and the optical 
distance from a luminescence location to cathode is set up so that the light which comes out of a 
luminous layer and goes directly ahead of a component, and the light reflected in cathode may suit in 
slight strength according to cross protection. Although cathode does not have light reflex ability, is not 
made in consideration of the substantial phase change of the reflected light in a reflector and is not 
necessarily restricted to a metallic material, a reflection factor is high and the metallic material with high 
electron injection effectiveness is most suitable. Moreover, as it becomes the optimal component 
configuration to the main wavelength of an emission spectrum peculiar to luminescent material, the 
strongest light is effectively taken out to the component exterior. 

[0034] The light which emitted light within the organic EL device has two paths of optical ** which 
goes ahead of a component, after reflecting in optical ** and cathode which go directly ahead of a 
component (refer to drawing 1 ). Since such light has the optical path difference, it interferes in them 
mutually. The phase contrast delta of the light which comes out of a luminous layer and goes directly 
ahead of a component, and the light reflected in cathode expresses the phase change of the reflected light 
in a reflector as deltar, and is given by the following formulas (6) about the direction of a substrate 
normal. 

Delta=delta r+4pi L/lambda (6) 

In addition, lambda is wavelength and L is the optical distance from a luminescence location to a 
reflector. Optical distance L is given by the optical thickness nd of the organic material (for example, 
setting for the component of a two-layer mold electronic transportation layer) which exists even in a 
reflector from a luminescence location (n is a refractive index and d is thickness). When the organic 
material which exists even in a reflector from a luminescence location consists of two or more layers, 
optical distance L serves as the sum of the optical distance (optical thickness) of each organic layer. A 
luminescence location can be represented with the interface of the electron hole transportation layer / 
luminous layer (electronic transportability) which shows the maximum luminescence reinforcement, or 
the interface location of a luminous layer (electron hole transportability) / electronic transportation layer. 
If it is extent which cannot disregard the luminescence intensity distribution in a luminous layer, it is 
also possible to correspond by adjusting thickness of an electronic transportation layer a little (more 
thickly [ luminescence intensity distribution / one half extent ]). 

[0035] Here, if the refractive index of the transparent organic material which touches n-nr-ikr (nr and kr 
are called an optical constant) and cathode in the complex index of refraction of a cathode material is 
expressed as n, if it asks for phase change deltar of the reflected light in a reflector using the formula of 
reflection of Fresnel, it can be expressed with a formula like drawing 6 (a). Moreover, the luminous 
energy reflection factor R in a reflector can be expressed with the formula of drawin g 6 (b). a metaled 
optical constant is measured by reflection factor measurement, the ellipsometry method, etc. (in addition 
~ the optical constant of a metallic element - work besides "thin film" Kinbara, Shokabo Publishing, 
209 pages, and the Junpei work in the "optical introduction I" crossing, Asakura Publishing, and 50 
pages (American Institute of Physics Handbook (McGraw-Hill, 1972, p6 -1 18 reference).)) The 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/24/2005 



JP,2002-289358,A [MEANS] Pa ge 7 of 9 



luminous intensity which come^nt to the component exterior as cross protection of direct light and the 
reflected light is proportional to D (lambda) given by drawin g 6 (c). 

[0036] When the emission spectrum of the luminescent material itself is set to P (lambda), emission 
spectrum I (lambda) observed in the component exterior is expressed with drawing 6 (d). Therefore, the 
luminous intensity as effectiveness of interference is max at the time of delta= 2Npi, and serves as min 
at the time of delta=(2N+l) pi (both N is a positive integer). If this condition is rewritten using a formula 
(1), it will become like drawing 7 . The organic EL device of the gestalt of this operation constitutes a 
component so that the conditions of the formula of drawin g 7 (a) may be fulfilled. Moreover, if the 
amount of gaps from the optical distance L from which the maximum reinforcement given by drawing 7 
(a) is obtained is within the limits of ** lambda/8, bigger reinforcement at least than a convergence 
value (luminous-intensity value in case cross protection does not arise like [ when thickness is thicker 
than coherence length ]) on the strength will be obtained. Namely, what is necessary is just to fill within 
the limits of ** lambda/8 at least in the gestalt of this operation, although a component is constituted so 
that drawing 7 (a) may be satisfied completely. Moreover, since the optical distance from which 
luminescence reinforcement becomes max, and its range which can be set up change with wavelength, it 
is set up according to the emission spectrum of various luminescent material. 

[0037] Moreover, the configuration of the organic EL device of the gestalt of this operation is applicable 
in all in case the interface location which shows the component of the two-layer mold of the 
conventional technique or a three-layer mold and the maximum luminescence reinforcement of a 
luminous layer is known. Moreover, based on the doped location, when doping a fluorescence ingredient 
to a luminous layer, the optical distance L to cathode is set up so that the formula of drawing 7 (a) may 
be filled. If the case where positive integer N showing order of interference is 1 is adopted, since 
thickness of the organic film (electronic transportation layer) can be made thin, it is effective in a low- 
battery drive. The refractive index n of the organic material used for an organic EL device is 1 6 to about 
1.8. 

[0038] It will be set to deltar=2. 195 [radian] and R= 0.973 if it asks for the phase change and reflection 
factor in an interface from drawing_6 (a) and (b) about optical constant nr=0.055 of the vacuum 
evaporationo film of Ag, and kr=3.32 as an example, using as n= 1 .7 the refractive index of the organic 
material (electronic transportation layer) which touches Ag. The thickness with the optimal electronic 
transportation layer for which it asked from drawing 7 (a) based on this value from the main wavelength 
of lambda= 510nm of luminescence of Almq3 which is luminescent material (it serves as an electronic 
transportation layer) is set to 98nm. Since it is 75nm when it calculates as a delta r=pi radian, only 23nm 
is understood that thickness is thick. With vacuum deposition, this thickness is fully stabilized, and can 
be produced, and the effect of quenching by migration to the cathode of an exciton is not produced. 
[0039] The photoluminescence spectrum P of Almq3 (lambda) measured using a 
spectrophotofluorometer as an example of an emission spectrum peculiar to luminescent material is 
shown in drawing! like the 1st operation gestalt. The main wavelength of luminescence is seen by 
lambda= 510nm. The emission spectrum which the distance (thickness of an electronic transportation 
layer) from a luminescence location to cathode calculated [ film / of a refractive index n= 1 .7 / organic ] 
about the case of **61nm, **98nm, ** 1 35nm, and ** 173nm is shown in drawing 8 using the 
photoluminescence spectrum P (lambda) shown in drawing 2 , drawing 6 (c), and (d). As for 
luminescence reinforcement, thickness serves as max by 98nm (it corresponds to N= 1), and the 
emission spectrum of ingredient original is reproduced. It turns out that thickness is the value of almost 
the middle [ reinforcement / luminescence ] in min, 61nm, and 135nm in 173nm. 
[0040] Hereafter, the production approach of the organic EL device of the 2nd operation gestalt is 
explained. In addition, the production approach of an organic EL device can use a well-known approach 
fundamentally. First, transparent electrodes, such as ITO, are formed by about 10-300nm thickness by 
vacuum deposition or sputtering on a glass substrate, and let this be an anode plate. Or what is marketed 
as a glass substrate with ITO is easily available. On ITO, sequential formation of the organic materials, 
such as an electron hole transportation layer, a luminous layer, and an electronic transportation layer, is 
carried out so that it may become predetermined thickness with vacuum evaporation technique, a spin 
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coating method, etc. In the component of a two-layer mold, an electron hole transportation layer or an 
electronic transportation layer will serve as a luminous layer. 

[0041] The conventional thing can be used for the ingredient which forms the luminous layer and 
electron hole transportation layer which are used in the organic EL device of the gestalt of this 
operation, and an electronic transportation layer. As an ingredient of for example, electron hole 
transportability as shown in drawin g 5 , a triphenyl diamine derivative (TPD), a triphenylamine 
derivative (NSD), alpha-naphthyl FENIJIRU amine (alpha-NPD), phthalocyanines (CuPc, H2Pc), and 
starburst polyamine (m-MTDATA) are used. As an electronic transportation ingredient, there are an 
aluminum quinolinol complex (Alq3), a methyl aluminum quinolinol complex (4-Methyl-8- 
hydroxyquinoline:Almq3), a beryllium quinoline complex (Beq2), etc., and these ingredients are used 
for coincidence also as a luminescent ingredient. The OKISA diazole derivative (PBD) is well known as 
an outstanding electronic transportation ingredient. If the good ingredient of electronic transportability 
like PBD is used as an electronic transportation layer, the component of the three-tiered structure which 
separated the luminous layer and the carrier transportation layer, or the two-layer structure of having an 
electron hole transportability luminous layer is realizable. 

[0042] Furthermore, a coumarin derivative, Quinacridone, rubrene, etc. can be used as a doping 
ingredient, the vapor codeposition using two heating boats for example as the approach of doping — 
luminescent material, such as Alq3, — a host ingredient — carrying out — an interface (less than about 
30nm) near [ with an electron hole transportation layer ] — a fluorescence ingredient — % - the number 
of several mols — about 10mol% — it can dope, next, the vacuum deposition according [ cathode ] a 
metallic material to resistance heating, an electron beam, etc. - or it is formed by about 10-300nm 
thickness using the sputtering method using an alloy target etc. In order to obtain sufficient reflection 
factor and the film of low resistance, it is desirable to make it preferably thickness lOOnm or more. As a 
metallic material used for cathode, metallic element simple substances or these alloys, such as a metal 
with a small work function, for example, Li, Na, Mg, calcium, Sr, Ba, Ti, Mn, aluminum, Ag, In, Sn, 
Zn, Zr, etc., are used. Alkaline metals are used as an alloy with Ag, aluminum, etc., in order to improve 
adhesion with the organic film and to avoid degradation by oxygen, moisture, etc. Furthermore, LiF and 
Si02 grade may be formed by the same approach as the case of cathode as an electrode protective coat 
on cathode. 

[0043] The phase change and reflection factor in the optical constant and reflector of various metallic 
elements are sliown in drawing 9 . The refractive index of the organic material which touches a metal 
side is set to n= 1.7. ** et al. — ** — all metals have deltar within the limits of pi/2 - pi. When these 
metallic elements are used for cathode and an organic EL device is formed, the result to which order of 
interference calculated thickness with the optimal electronic transportation layer by the case of N= 1, 
and 2 and 3 from the formula of drawing 6 (a) is shown in drawin g 10 . The wavelength dispersion of 
optical constants, such as metals other than these and other alloys, or an optical constant is measurable 
by the ellipsometry method etc. 

[0044] Hereafter, although the modifications 1-3 of the 2nd operation gestalt are explained, the 
modification of the 2nd operation gestalt is not limited only to these ingredients and a component 
configuration. 

(1) Use aluminum (aluminum) as a metallic material which forms modification 1 cathode. Board 
thickness prepares the glass substrate with ITO which is 1.1mm, and forms the electrode pattern of 2mm 
width of face by the photolithography method using a general resist. Next, wash this substrate using a 
surfactant, after fully flushing a detergent with pure water, it is made to dry in the steam of isopropyl 
alcohol, and the dirt of surface washing is fully further removed by oxygen plasma treatment. Thus, the 
prepared substrate is set in a vacuum evaporation system, vacuum deposition of alpha-NPD is carried 
out by resistance heating as an electron hole transportation ingredient, and the electron hole 
transportation layer whose thickness is 70nm is formed. 

[0045] 2.7x10 to 4 Pa and a vacuum evaporationo rate carry out [ a degree of vacuum ] vacuum 
evaporationo conditions in lnm/second. Furthermore, continuously, Almq3 was vapor-deposited 
similarly and it considered as the electronic transportability luminous layer. The thickness of Almq3 is 
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set up so that it may be mostly lWgreement with the optimal thickness value o^7nm calculated as N= 
1 by the formula (1). That is, the location which shows the maximum luminescence reinforcement is 
alpha-NPD and near the interface of Almq3, and the optical distance to cathode will have satisfied 
relational expression like drawing 1 1 . Next, in the condition of having stuck to the substrate the metal 
mask with which a hole which intersects perpendicularly by the ITO electrode pattern and 2mm width of 
face was made, and having set in the vacuum evaporation system, vacuum deposition of the aluminum 
(aluminum) is carried out, and the metal membrane of 160nm of thickness is formed, it considers as 
cathode, and the lighting field of 2mm angle is obtained. On aluminum electrode, thickness vapor- 
deposits LiF which is 300nm, and forms a protective coat. Furthermore, in an inert gas (Ar) ambient 
atmosphere, the Pyrex glass of 1mm thickness is piled up on this component, the glass circumference is 
closed using the adhesives of an ultraviolet curing mold, and an organic EL device is obtained. 
[0046] (2) As a modification 2 hole-injection layer, form m-MTDATA by 30nm thickness on an ITO 
electrode, continuously, as an electron hole transportation layer, form alpha-NPD by 50nm thickness, 
and form the electronic transportability luminous layer which consists of Almq3 still like a modification 
1 by 87nm thickness. Other configurations produce an organic EL device like a modification 1 . 
[0047] (3) Constitute an organic EL device using the same organic material as a modification 2 except 
having used the MgAg alloy whose thickness is 150nm as a metallic material which forms modification 
3 cathode. The vapor codeposition which used Mg and Ag performs film production of cathode. The 
optical constants of a MgAg alloy were nr=0.3 and kr=5, as a result of measuring by the ellipsometry 
method using the sample which produced the film on the glass substrate on the same conditions as the 
case where a component is formed. The phase change of the reflected light in the reflector searched for 
from the formula of drawing 12 is set to deltar=2.5 (radian) using this optical constant. The thickness of 
an electronic transportation layer produces a film so that it may become the thickness value of 91nm 
calculated as N= 1 from a formula like drawin g 1 1 . 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown interference of the light in an organic EL device. 

[Drawing 2] It is drawing having shown the photoluminescence spectrum of Almq3. 

[Drawing 3] It is drawing having shown the difference in the emission spectrum at the time of changing 

the thickness of the electronic transportation layer in the 1st operation gestalt. 

[Drawing 4] It is drawing having shown the thickness of an electronic transportation layer, and the 

relation of a brightness value. 

[Drawing 5] It is drawing having shown the structure expression of an electronic transportability 
ingredient and an electron hole transportability ingredient. 

[Drawin g 6] It is drawing having shown phase change deltar, reflection-coefficient-of-sound-energy- 
intensity R, luminous intensity, and the formula that asks for emission spectrum I (lambda). 
[Drawing 7] It is drawing having shown the formula which finds the optical distance from the 
luminescence location according to conditions on the strength to a reflector. 

[Drawing 8] It is drawing having shown the difference in the emission spectrum at the time of changing 
the thickness of the electronic transportation layer in the 2nd operation gestalt. 

[Drawin g 9] It is drawing having shown the phase change and reflection factor in the optical constant 
and reflector of various metallic elements. 

[Drawing 10] It is drawing having shown the optimal thickness of the electronic transportation layer at 
the time of using as cathode the various metals with which optical constants differ. 
[Drawing 11] It is drawing having shown the setups (1) of the optical thickness of the electronic 
transportation layer of an organic EL device. 

[Drawi ng 12] It is drawing having shown the setups (2) of the optical thickness of the electronic 
transportation layer of an organic EL device. 

[Drawing 13] It is the outline sectional view showing the lamination of the organic EL device of a two- 
layer mold which has an electronic transportability luminous layer. 

[Drawing 14] It is the outline sectional view showing the lamination of the organic EL device of a two- 
layer mold which has an electron hole transportability luminous layer. 
[Description of Notations] 

1 Glass Substrate 

2 Anode Plate (Transparent Electrode) 
3a, 13a Electron hole transportation layer 

3 b Electron hole transportability luminous layer 
4a Electronic transportation layer 

4b, 14b Electronic transportability luminous layer 

5 15 Cathode (metal electrode) 

6 Luminescence Location 
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te. Msaife&gxMftft ± a / 8 yj^c-sisjiSBpir'* me gn&iifirr & e 
&c ice* 0 . MeBmMinr&. [ 0 019] mm 1 7e«w>#wc«, 
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! 7 . Ubtsm 1 8. 5*3**11 1 94>**>4,>?n* 1 K12$S 
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jwhc > ? Z C t TWlt? 

[ o o 2 3 ] < i > ©aaaar— * i 
<2> t?#*6n&D <A > icttm?z< 
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k>x f&tomri = 1.7 opwiwRtc-^ir, #fe7fcf£g*» o - 3 o o n mm&<os&m c^.«?gsn^< 

^l¥s€B*tr<DK«S <WSSis@^J9) <D3 8n £(&iSia0>Ig£ff*(Cli. StSKi* 1 ' 

m. ©7 5 n m . © I Una, €> 1 5 0 n mcptt^K IgilKT i> £ £#|5Jf Rfc$KJB<," 

5 n mT'SfcJfeSfSftiS;*:. 1 5 0 n roCS-'K 38n fA) , Na (th'J'JA), <7 

m. 1 l 2 nm'Citmttmo>tkv$yZc±&t>fr-$> 0 Ca <^.'l^«?A) , Sr <a|»d>?' 

Jie*r^U-r^fk3-ttT:it|SUfe^i? {7A,$.~0A> , A fc' (SB) , hi < 
J j S -28 7 0 1 - 1 9 8 ZlChtc&^X -> 10 Srt (XX) . Zn<&£2>> 2r 

mm&4 o 0 n mfcTFKite^irii, £?£a>S;*;£fe.'jY^ § KI&&_B<: s«ft$giig £ o r L i F; 

[ 0 0 2 7] *3fcto®figflfcfCft&WtRE L^<Z> ri*. MftK JrfcW&tBl£ffc"3--2>£ej 

< > J: -7 r««<DlMKC mWB [ 0 0 3 0 ] UT, * 1 <Z>£fc&&4)& 

^SfoilJsa^^Js £l&fa * c t tot* ^j* c n £<D^ydtf28&c:*8tf &t*f4. 

[ 0 0 2 8] #^J&<W&@Gr.w«SE L*?(CtHr»'CJll' *>©*C«J&f I*. 

&tt$Hi, 11 5 ic.^ 1/ fe «fc -5 cc#*i#. iE?tffii3|£€>tt I . ! m tsn<f> i T O ? xg&. 
f4£ bri*. h l^j^^? 5 >m®& ( T P D> B§& u<>* *mt*>tc7 * h »J y ^7 

t- l» v *~>17 5 >sf (NSD) . <*— r? 2 mm*SC>^S«' , <^-'>?:^ v r-S>, i,t< 
*ii>,'Ur^> <o-NPD) , *7$ui'7-sm <C 30 Pi55-g^ij^m^rr5fe^b. +j}rctt*' 

u'Pc, HiPc). x';-M'-xH<y7 5>^{!B l/ftif^c^y^DeiL-r^s-.'K^m' 

-mt d a t a > tt £ifim^e>tih. mF&Hmtmt ^hicmM^'^ z-?zmic J: - r+^i^i 

r.'us t^y (a i <l, ) , «:^d^< 0 cvji^tcbxmmutcm 

7M*s *) S ->l^ (4-Methy |-8-hy gplK-b ? h U . iE?Uaiartt44 O'C <r- 

droxyquino! i n e : A 1 n>q., > , ') 1)Q%!>i££^XM&7&mux. Ji)?^7 0: 

cn^<Dm4iii5]H#{<:^jfeiit'n4i(./i:*>^ffi$n Pa. 5; 

* 4 ^+1f*>T "/-MWVft { P B D ) ii, fitiA:«-7- Almq., £BM*KffiSOT 7 5 n raO^ 

*s>K#(OM».tt rm«:S^ift^Js ± L T fsH Ife* 40 f 0 0 3 I 1 '&IC. \ TO ®&.> ? 4? - > . 
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m.it. nd = <2N-1> A/4 V5z.t>tiZi<>Zmi% 

tt&j&vz. MtmiFrm. aitmm, limit 
[oo32] <2) mmz 

iEf LSAS it'C, ffl-MTDATA$iT 0SS«±(C 
3 0 iimomm z&mu. o^riE*li&j£Js£ lr, 
<v-NP D*5 0 n mO>&mvH}f%b . 3 ?5>tCA 1 rnq 
, 6 * m^Ssmk^lHM 475n uKPgiiir^'r 

[ 0 0 3 3] :xic y m2<DW^wMfommE L^^PtCo 

arc s^»iij^(<:is^rfi]d.. 5 * * m<ciot 0** t & 

-h^-atc j; ^ r 3S«>£- 5 £ ^ cc , Zklt&s&h Fisfes 

^ils< , S^£A^©i£t*^HI4j»Sfcabri* 
W»tt*?*f ««£»♦.) HIT. 

[ 0 0 3 4] ME LJRWCJWfcOfcjfcW:. *?4>0t 
-frK 5 ft® i RtfE-c^M UX am^-vffi-Mic 

G\fr*>?fc®0>2r>cr>mS&&$>& <lg|l#6B) , c^6© 

;fe*ft*&ii#& -scD-cm >tc wr * , ear 
&mmx<om8Wt<Dimg:\tz $ r <tsstr, s 



S = 5 «*+4?rL/A 
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30 



-^SiiSJS ) ©7l:¥i)5n d X**A, fE>n-5> <n liEft^ 
d&88)5> . £ft&§a>6^SiTC'Ki?£T-5m8t't 

*ft©«3>» e zmsic i*, jtm mm% l it 

S©ft^8&£ (5fe|£J|iJ?) OBUS*. Bfflim\t % 
S*ft*aiUfc£5?*' iE?lfi8£Jl/&ftlg {@^iate>. 

Wiafisr-^i-^cii^-c*^ £ftJsrt<DSft&?i3r 40 
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titute of Physics i 
k (McGr aw-H ill, 197: 

s &m > o fi&ft <t maMt<D*&om £ . 

HIT < H6(c)m 

t o 0 3 6] &j&mmt<omt^ ? 
u > t*. me <<3) t?*sn* 0 t^te 

l,r<£ft©eigj&{;l:. 5 = 2 N 
= ( 2N+ 1 > ar<7> fr£ <£ 

&> . CO^m* > ( 1 ) £<£^r#; 
J: -5 (C & 0 *fttfc4>JEft CTOtl E L ft- 
<a > C>^<D.^f4 : ^^<:'r^^^^? : ^ 

H7 <a> £™£icmfi.TrZJ; J 5icm+; 
'prj. < t h ± A / 8 <7>&mftX-mtc I. 

[ 0 0 3 7]$ -4^^®®SS©M: 
J: ^ iClS^ $ n -So TStoiMftfcilTiE* 

xz zo>x{&mwim<>cm%ix&z>. mi 

[0038] pili or , A g^S!^©; 
0 . 0 5 5. k r = 3 . 32 (C"?L^C , 
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juvt»£ o u\. ». * t- o , ±.im&m to>nm 

[ 0 0 3 9] MHtW*(DM^ ? K ,'KDl?iJ<t mfclrt) «cSt*Htt*fciD o I *6Hfc l ■ 

* h * 5 * ? -iz >X • X-s ? I- >U P < A } l (£1**6 £jfej>i*[I&, Stf- Aft i'CC J: 

0 n m tc*> 6ft m 2 ic * O tc "? * V >l 5 * ? -fe > x o - 3 0 0 n m 8ft4>Jtt*'C4?J!g $ ft -5, 

jrcc-siat <«Hfij£Js©gi)s> ueinrn. ©9 f4it.ri*, f±*ra&**/]*3i,^jp. t?ij, 

8n«i>, <3>l3 5nm, 3> 1 7 3 n mC-iS^c-^rit 10 a. Msr, Ca. Sr, Ba, T>. M: 

#U?c|&^X^^h,'U^|18tc^T. MW^9anm tf. In, Sin. 2n, ZrttfCttK 

{ n = i mm> v&x&t&M&Atu - r 9 . i*c ft6«>it£;WsH* ^ft£ 0 r 

-£$<z>#&:fcx^ ^ h ^wasntv-So MUro i 7 3 u, Rt^^^i 

n m'CftAMtftRb'ih 6 l 3 5 n m'C^Htr W*fca&K:. As, A ! 

*^©lir'*.^ C iWS, 6 K FMS± K if ®m$M L UL i F. : 

t 0 0 4 0 ] UT, M2€^tel©S{8E L|t©f| »Z)l»^4Htt<0*j*f»at/r 

•w?it«c^»-cawiif *. wise Lm*<Di , mi3 [ o 043] &m^^&<D%&?mi.) 

T. #7Xg£±tC i TO«0M«tB«.A£ffie4>.&. MHHOJBff4i«iC. n=l. 7<t^-S, . 

? £ y > i^C<fc 9 1 0 - 3 0 0 n mfl&<7>flg 20 f^C, 6" 39* jr/2 n<D$&&f*liC$>- 

JTCflMSl/, CMfigifS, .fc-Si^li ! TOflOW J37d^&l&1»CflK*TW#EL3£ : FS:?t& 

4>*. I TOJiiCi&EJLIftisJIi, SHUSH* N=l. 2, 3©*6^«tJ90i 

*H**ft*C itCfr [ 0 0 4 4] fc*T, *2 ®*fe*£)l®&] 

[004 1 ] ***6CM£@©W«aE LSHCfcotJSH* I'-CHHH-r *2 ^&f£fta>£Jft 

*i*s>T 5 (TPD) , ^i^r 5 > ! > 1 - 1 mm© I ' 

^f*<NSD>, o-t7*^7*ii/.irs> (« is^^i/, — mmu\.'t>x Y£f%^ic- 

-NPD) , 5?DV?i>|{CuPc, H 4 P 7 <-^tcj:^-C2iiiimiH«)®fe^*-: 

C>. A*w<-xh*iJ7S>* (m-MTOAT C<^>Sfig?:P®^g«J«:^t^C^j 

+ ^ 'J y - ;U§|f4 { A I q , ) . > : * ^ T A 5 * ✓ U ^ Si*. $ fE> K»*^ 7 X-?^i? 

-^§11$ { 4 - M e t hy 1-8-hyd roxyqu ic&tiaffc&<omft£%W l"&< » C<D^; < 

1 in o I 1 n e : A ! m q 3 ) , ^ V V f ^ »J > Sfe^.m^S^Srt tc-fe v h I/, E?W 
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! > ZM&MMbxmKl 6 0 n m<&AJHM«r^«tuilft 

*»3 0 0 n w<DL » F ^MMUXUWSk^mr^ $ 
?E>K. (Ar) CV>m+<D±.ic 

*W«l*JH*'C^AJHfl4«JhUC. Wit EL**-* 
It*. 

[0 04 6] <2> 3fcfl&fll2 10 
iEfLQLAJI i L/ *C , m-MTDATAtIT OM±tc 
3 0 nmOtfVCMO. ^^rEtLtsanJsi ott, 
«-NPD*50n m<JW»»"C«J8 0 . $ 6 KgJPM I 
&Rfl(CA ! niq 3 ■3@^fiei±#fc#Js£ 8 7 n 

[0047] <3> mms 

m&*Bl&t&*mW&& OT, ttVfti ! 5 0 a ffiWM 
cr A gMtrfcJBisfc&Vlt*, M(K 2 ill] t>**W#N- 

A g *8i*fc£ifc#K J: oW*. M g A 

* mst ztastm o&\*vv ? * mm± 

rM£lsfcttJR. nr = 0. 3, kr=5t'$)^c C 

retravaduvi*. m 1 1 qj: n = i 

[ 0 0 4 8] 30 

MM 1 BttOftlirci*. Wt*3H«*<& 
«*S&j2l@<Z>7t^ig)5n d «, n d = < 2 N - 1 ) X/ 

i*£E a*BBff«:iHfcr<!>t?. *G>?MWK0lBl/ 

<D^^simt^^M<o^mmti nd = < 2 n - 

1 > A / 4 , < n i£B«r* . <| tiflgjf . a l«W6<Z)**» 
R9till/a*£ft<'*'&C&0S'r*. ftMftCQffiS* 40 
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[ o 049] immzsz&omivit. ■ 

^iSe<Wfe^Si)5ndi*. nd = (2i 
4. <ni£JH*r$. 4i*M, 

3IT * C t **C £ £ 0 6 £|&)%F 

I*. ®&0>1$m±ttWfi K — fc*> n 

-ear, * * y 7<ds*s^p 

KVndtt, ii d= (2N-1) A/4, 

[ o o 5 o ] m>ms&&<Dm}X'iz. i 
?<dM*4!>M(c J: *?i§*a>ii*H^^. 

teiS-14iyfeS©afe|£Jig)*!idt*, ^OC" 
8 £l^M>WSSBrt "Cab* ©t?, 

[ 0 0 5 1 ] lit*ig ! 1 KttQJHTCtX, 
*-T-WayH<i!>*^iSJ»nd«, nd = < 
-^r/7r>. 5f = arctan (2: 

o. nttiff*. <nmm. .\im*.<D> 

i££ < f & c £.ifir- * AIM AcDffi 
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an <2 n k,/ < tv - < n r > " - ( K, > 1 > > + w, 

{iv^ii,hk, , -c*«i 1 mzmiiTm, daw, a 

Hffiitf ifictc i«a©«5fe<4MS4*s K - 1' > f 3 nc c >2>o> 

v. z&t%im$:Ja<v&. * * y r«>w4^*«. 

[ 0 0 5 2 ] lS*Jg 1 SKttPjHTCt*, W«»:3-*IflJiO 
^B^Js^^flgJlndk*, nd=(A/4) (2N 
-Sr/T> . $ = a r c t a n < 2n k,/ <n s - 

(i\ r > '' - <K,> ' > ) + ?r, {n'Sn^ + K.'T* 

t i> C £ MX* z o sm^M 1 6 GttCDSHiTtt. ££B 

-car, * * y 7<j>wtejw*, 

jt\iLW& K- fc> J^C J: o 'CftJiaiT'S . «!&i£«S<7>:fc 

^HS/lndJ*. ii d = (A/4) <2N-6 S r/?r> , 
$r=arctan { 2 n k , / < n * - (n,)'- { K 
,>')>+*. <n , Sn, i +K r , r-^0. nt*JS#r 

&mmt fcr ot, *©jMnR »; ai ttt*** < -r & 

[ 0 0 5 3 ] 1§*JS 1 8te*W>$WU'C«, fm 
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